CHAPTER. 9

CONTROL AND INSTRUMENTATION

0.1 Overview

An exinting Texan Instriments TIRERT Programmable Logie Contraller [1] (PLC] pravides
armtrol And meonitoring of the liquid argon aomgeics syetem, thres detector gan eyebeme,
and all of the erpogenic subsyeteme (e.g. vaemm, compresed air, the (xygen Deficiency
Hazard warning system, and the glyeal eooling mystem) of the exinting T¥3 detectar. The
PLC prowides antomatic eomtral and operabor mannal inbersention for all coobralled ale-
memte AR dmired. And graphical display and data logging of All manitored parametem when
repiiires]l  The yetan will he exproded fo cooral and manitar the VLPC, solenid, and
belinm refrigera tor Ayeheme.

A Tewan Instrimenta TR PLC will be added to the edisting PLC apstan to onofral
and momitar the magnet power mipply and probection meiteh And fa log fast And slow data
from the magnet instrmentation. A hardwired chamin And logic nnit maling up A quench
protection manitar (QPM) will provide primary quench pratectinn for the magnet.

A variety of instrmmentation And seosom from the magnet And refrigeration Aystan pro-
vide Aignala for the PLC's and the hardwired protection nnit.

0.2 Fxisting PLC System

The exinting INY PLL mmtem in A stand Alone spetan with Ao interoal bathery hacked
program memery which reaquires no host smtan o dowolosd the eonteal programe in the
event of A power failure B coominta of fen independent TIRRRT processam apacated in s
"hat backnp® ennfisuratiom. Toe PLC is fn line Al activdy cootralling the syetem; the
seconed i in standby running step for step with the an line nnit ok with im inpokfontpat
eammunication dirabled. Each PLC mne aookimions internal diagnaostics far errom. When a
fatal errar in reointared by the active PLC, thehat backnp aption fales it afffine and puta the
standby PLC anline withoh iohereantion aor dismption fa the syetem. The edstiog ooofool
ayAtem anmiguration in shown echematically in Fignee 1.1, with added elements for the
mag et ayatem, the YL amtem, and the helinm refrigaeator indicated. The specifications
for the TIRRT Are given in Tahle §.1.

2.2.1 PID Loop Control

The TIRER PLC in provided with 81 preconfimired feedback PID (propertional, inbesral,
differential] proces cootral loops. The 25 existing loop assignments plus thase o e added
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far the VLPC syatem, the helinm refrigarator, and the magnet are shown in ‘Table 8.3, The
PLC in capable of advanoed contral loop featnrem such as feed frward aor cascade coohoal if
eeles].

.22 DMACS

Diintributed Manufacturing and Oontral Software DMACS  is the operatar contoal in-
terface paftware for the PLC. DMACS provides the sraphical enotral eovironment throngh
which nperatam can mam tar and canfrol any process variable I connecheed o the PLC and
defined in ita data base. Floating-point math and high lere programming with the Speacial
Functinn programming language are available All enofral inberfaces And mems are pams-
wurl protected] by DMACS to preventh nnanthorizesd apecation of the syehems ta which thes
pertain. The specifications for the DMACS syatem, and the taelm mppeorted by DMACE at
IN* are presented in Table 6.3

.3 System Instrumentation

The VLPC sretem, the heinm refrigeeation spatem, And the magoet gyetem will add &
mibatantial oumbser of channels of instriumentation which will be monitored by the npgraded
PLC: cartain of thess channd s will alea be meonitored by the hardwired COPM. That reepuined
far the VLPC. aystem in oot conmidered further haein. Far the helinm refrigaration syetem.,
magnet emtem, And magnet mergizatinn epehan & mmber of devics fypm will be present,
inehwling valve porition transduecers, temperatire smeom, volthige fAps, eXpAOAIND eOginA
mpeex] meneams . flow rate senmors, Ansd sRpor presmnme And abealnte presnire devices.

8.3.1 Thermmomeiry

The helinm refrigaratinn aystan And the magnet emteam will ntilize three diffeent type of
thermametry devices: platinnm [2] and carbon-glam [4] RTD's, and YPT's [1]. The HETD's
can e acoeseed directly by the PLO: The YPT's will require A poessioe transmither ta
interface to the PLO.

An exteorive pet of HTD thamametry is required for the magnet ooil And ayostat, and
for the helinm miboooler reeervnir and wapor cooled leads in the magoet combool dewar.
Much of the thermametry in the magnet aometat is provided o monitor enaldown, ta werify
the perfarmance of the radiaticn shield and onld mass mippart eysbeme, and to provide
far the permit to charge np the magnet or to trigger a discharge in the ewent Abnormal
temperatires are detected]. The thamometry in the confral dewar 18 provided to aeest
eonldown and ta pratect the vapar eonled leads by detenting abnormalities. Thble#.4 presenta
the thermometry list of the TIRERT for the magnet smbam.
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Temperatiire emeam are provided for the power mipply water conled dindem to eomire
that they are operating properly. Temperatire seosors in the balance of the eoergization
AyAbem Ave provided to indicate proper conditione prior to eneegization of the magoet.

8.32 Potential Taps

Potential tape rn the magnet el And mpererndneting buses, wapor eooled leads, And re-
mainler of the enargization aystan Are reqiuired to aafey operate the gyatem. A coil cenber
tap plus tape At ech inpuf bus of the magoet, plus ooe Addifional tap at the quarber paint
an mme half of the el compries the patential tape for the magoet. Bridge eonfizurations
whirh compare the valtage nnhalanoes betwem warions portions of the eoil will kgoal the
presencenf A normal zone and generate s quench detection trigger. Additional potetial tape
ara required At the top And bottom of the vapor conled lede and an the rewemring mewitch,
protectinn reairtor, And power mpply to provide additional monitoring of the statioe of the
thees comprments. Additiomal defails enneaning the eoergization systan Ave presentesd in
Chapter L.

2.3.3 Odher Sensors

The balanee of the helinm refrigera tinn syetem will provide valwe porition seoRors, preesine
tranmdnearn, flowrate mekem, And expanmion mgine speed indicators. Manoy of theee are
implicit in the PIDY loop amignments of Tahle §.2.

8.4 TUpgraded PLC System

Becaime of planned available 1mueed capacity in the acisting TIRSET PLC syetem, the con-
tral of the helinm refrigeratar aystan and the magoet erpogenics will e added fo if. Ta
prowide for dedicated monitoring of the magnet energization and probection eyetem A Texan
Instruments TIRER PLO will be added to the syehem.

8.4.1 Hellum Compressors

The helinm compreesar skid packages to be inatalled in the Annex to the INY Tewatoon
campressar building are provided with all of the local sonfoals required to rin and proteact
the compressom. Dhiring normal operation theae unite are cantrolled by the Tevatoon as
required and the I3 helinm refrigera tor meeely ntilizes the oeeded medinm presmire belinm
marr Howr from the Tevatron mipply header and retiroa low preemire gas to the Tewatoon
mction header withont active contral ar manitaring of the eompresaar Ayshem.

Ihiring stand-alone operations at DY when the Teratron in oot aperating cne or ten of
the compremeom in the Annex will be opacated by the DN PLC wia the acisting Tewatnon
ACHET eoohral syetem. The TIRGRT PLC will pravide the PID canfral loope and logie to
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apercate the compresrar-amoeiated valven which load ar 1mlasd the DY compressar(n]; it will
alra manitar a1l the kignals required ta mn and menitar the eampressar(r] . The PID eootral
Inep list shown in table 9.2 han eotries reeerwe] for theee fimctions.

2.42 DMagnet Cryogenics System

The contral of the masnet conldown walving and that reaquuired for steady state apecation will
be done by the TIRRRT PLO. Flow tamperatires, helinm lewel, and Sowrates ame monitered
and eantralled for the magoet. Eotries for the added mequired PID loope Are meeerved in
Table 4.5,

8.4.3 Dedicated PLC and Magnet Power Control

Becaime it it desirable ta log data foom the magnet pateotial tape at high rates in the eveot
af A quench & dedicated TIRRE PLC will e added to the existing ooofral sysbem and asmigned
theee taskn. The specifications for the TIRRE PLO are the same ar these in Table §.1 far
the TIRSRT except that it provides 10124 IA1 channels, X37RE inbernal relags, 192 kbrtes
of batbery-backed memery, and (.07 me /K word Baalean exeention speed. The TIREE will
prowicle A data Aequeition rate of 20 He for the magnet, s, and lead mltages to permit
the 1mefil logring of these signals. A buffer can continnomely retain the last serecal seoonds
af theee mignale so that the meost recent buffer of fart data can e lozged in the ewent of A
quench. Alldata i loreed continnonsly at slowe rates for the parposes of operator menitoring,
treodling, whe.

The added TIERR PLL can verify quanch detection signals | thereby bacling up the hard-
wiredl chamin), and it will facilitate the cparation of the pawer mipply And revemring switeh
prowicled that all appropriate interlacks definedd by the handwired syetem peacmit it fa do s
Tlnder no crmmetances ean the PLO systam dirable the hardwired protection interlack
chammin. An awerview of the solenid power eonkeal eirenit is shown in Figuee 8.2,

.5 Omench Protection Monitor

A quench protectinn manitar ((JPM) hardwired chassin and inferlock logie unit will proside
primary quamech detection for the magoet. This unit will eontain the neceerar v filtering , mignal
aweraging . And delay drmitry for the poteotial taps and thermometr ¥ which ave inearparated
in the qumech detection logie, sapor conled lead fanlt detection ar poweer mapply failuee logio.
It onohaine the preet limite for thees selected seoeom which trizger faet diecharge of the
magnet. And it preaaves the time ardering of the dedensted fanlt rignale which trigger magnet
eline ]

h’lﬁ?ﬁﬂh af eanditions that will trizzer & fast discharge of the masnet are given in Table
#.5. A fast discharge that in not initiated by A quench will rapidly lead to A quench. The
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ernditions that will frigger A Alow dircharge of the magnet Are given in fable 5.6

The OPM defines A set of interlock conditions that must e saatisfied before the magnet
eAn b eoeroizesd or the revemaing mwitch opecated. Theee interlock eonditions Are mmma rized
in table §.7. The crmgenics "mmmation™ in Table 8.7 conrista of A mmming of conditiong
pertaining ta the ermgenics smbem: helinm dewar lewel mufficient, helinm preemire And fow
rate aufficient, vapar coaled leds fow And wltage drop proper, eontral deerar inwentory
mifficient. afe.

0.8 Control System Power

D% eryogenic enotrals ave eurrently powered by A U0 KVA Tnintermptable Power Supply
(UPK) which in backed up by an antamatic dimd power generator. Presenh commumphion
in approxdmately 3 KVA, leaving &7 KVA awailable. The magoet-related coofool spstem
inehiding the added PLC and hardwired chamn in eapected to add 3 KYVA.

References

[1] Tecan Instriments Industrial Contrals, Pyramid Centrals Ine., A7 Irmen, Adedinen, 11
AIUIL. The TI PLC'm carry UTL apprasal: FM approsal for Hazandos locations Div 3,
elam 1, Gronpa A B.C.IY C8A cerfification; Envirnnmental And noise ratings ennform o
IECHR/ WGRA.

[4 Lalweshare W0 OMm 4 wire calibrated platimm resistars, Lakehore Crectronies, §4 East,
Whalnut 8., Westerwille, Ohio AWKL. Accnracy (1.1 Kelvin 74 328 K.

[4 Laleshere BN (dhm 4 wire calibrated carbon-glam reeintom, Lakeshore Cryotronics, #4
Ennt Walmit 8., Weaterville, (Ohin AWKEL. Acmiracy (1005 Kelvin 4 W K, ineensmitive

[1 Helinm wapar presmire thermeameters are provided in several standard locatinos cn the
STAR refrigeratinn grtem incuding the expanrion sogines and the heat mchanger. Ther
are neefill from 4 fo B K.
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Tahle 9.1: D TISEST PLC Specifications
Avnilable In Tlee

A192 I}y Channds Lirid
f4 PID Central Laapa ik
RiL0N Infbernal Confral Helays Litad
Hat Packnp (2 PLC's mnoning in tandem) | Yes
JREK of memeary ARK
1.5 mrf1K Baalean exeeition Yes

Tahle 2.2: TI PLC PID Conirol Loop List

Loop ID Demeription

1-3h Exirting Calarimeter eomtral loopes
41 Heserved for VL

43 Myrom Let stage dlide walve

41 Myrom intertage mlide valwe

44 Compressar brpass valve [discharge to miction)
AR Leee (gharage to mction)

AR Hime (clincharge to starage)

A7 EVX1 [HX1 flow contral]

AR EVX4 (EX2 flow ccntral)

AR HX LN3 fill

1| EVLP (LNZ splither]

o
=

Dry mngine speed contoal

Wet angine speed contool

EV.IT [T valwm)

EVRY [bypass valw]

He dewar preemirizing walwme

Magnet: He mipply fowr cantral

LHe Control dewar retirn fow
Magnet coaldown valwe

EVNI N2 intercept/rhield flaw eantral
EVNS N2 intercept/shield Sow cantral
Current lead 1 fow cantral

Currenh lead 2 fow cantral

REREETLREDE
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Table 8.3: DMACSE Specification and Theks

Speeeri fica tiom

Supparts DS [aft DR | ar VAX platfrme
Database max mize in dependent cn BAM memary

C:raphic starage dependent on hard drive capacity
All nerlen netwerked [via IBM Token Ring at IN% |

Taelm

Dirplay real fime procees date in graphic format
Operatar contral of procseses

Process aAlarma

Hirt.crieal data storage and archiving
Cammunicatioos o all PLO's

Netwrrking o all DMACS nodes (distribinbed eantral]
Trend data display of proceases
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Table 8.4: DEY Magnet Temperature Sensors

Print:

Benear

Deseriphion

oo e b

g 11
13 17
18 M
s kA
k1 kA
LT I T
h&
fl Al
f2
fid
fif
fig

&

2aeE

Carbem-CZlam
Clarbem-Clamm
Clarbem-Clamm
Clarbem-Clamm
Carbem-Clam
Carbem-Clamm
Carbem-Clamm
Carbem-Czlamm
Platimm
Platimm
Platimm
Platimm
Platimm
Platimm
Platimim
Carbem-Clamm
Platimm

Control Dveerar Helinm Sapply
Magnet Helinm Supply

Magnet Helinm Heturn

Contral Descar Helinm Hefirn
Storage Dewar Helinm

i Magnet Cail Points

f Suppart Crlinder Paints

L8 Magnet Supparts at Cail

L8 Magnet Supparte at Intercept
2 End Hadiatian Shields

2 Inner Radiation Shield

8 Dhiter Badiation Shield

Shield LN2 Supply & Heturn

3 Intercept LN2 Supply & Hetirn
3 Vapor Coaled Leads Warm Ends
3 Vapar Caaled Leads Cold Ends
A Dt Vaennm Shell

Table 8.5: Fast Discharge Conditiom

Sywahem

Sigual

Magnet L. Ulohalanes Valtage Trigoer
2. Exvoesive Yapar Coaled Lead Yaoltage

Power Supply | L. Excesive Dinde Tampearatime

Clontral 1. Power lome to Hardwired Chassin
3. Power lome to aoy comtral eompanent
Manmnal L. Oyperator initiated discharoa
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Sywehem

Takle 8.6: Slow Diecharge Conditions

Sigual

Magnet

Power Supply

Cnotral

Mamial

oo Le bd o O o L b

& O o Le bd

b

. Magoet Current high
. Exceemriwe Gronnd Fanlt Courrenk

. Yapar Caoaled Lead Flow Inadequate
. Cryostat Yasunm Presmire High

. Lead Cuard Vacnum Presmire High

. Radiatinn Shield Tempera tire High

. Lean of Primary 30 Power

. Cower Open in Energization Cirenit Enelomirea

. Water Conled Phs Temperatire High

. Rewemaing Sarifch ar Filter Choloe Tempera tire High
. Protection Reeartor Tempeatioe High

. Baleonid Cald Mass Tempera tiure hizh
. Cantral Dewar Helinm Lewel Low

. Helinm Supply Tan peratire High

. Helinm Supply Dewar Low

. Helinm Preemire High in Salenaid

. Helinm Flawrate Low in Salenaisd

. PLC Aboarmal

. TIPS battery Low

. QPM Chamin Aboormal

. (¥peratar initiaked enmmand
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Takle 8.7: Interlock Conditions

Power Supply Operation

Item Coneditiem

Purwrrk cowvemm an and doam closed
Protection resistar tamperatuee low
Manster chamun bey anablecd

OPM mtatie normal and reeet

Fant dincharge awitch cloned
Operatar commansd ® en®

Hewemaing switch ey ®dina bled”
TIPS statie narmal

PL{'s normal

XA power avnilable to Power S1pply
Magnet temperatioe > & Kelvin
Magnet Crmetat Vacnnm normal
Cryo "mimmation™ normal

Warm current bas temp *normal®

Heversing Switch Operation

Item Coneditiem

Magter Powar Supply Koy dinablesd
Magnet enrrent mimmal

Magnet mltage zera

Power mipply off

Power mipply waltage memo

oo L b
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